Chemical separation and speciation are two fundamental processes that have ushered significant advances in biological and material world. The underlying principles for most innovative separations involve molecular recognition and its subsequent translation to methodologies for detection and separation. Recent advances in the field have demonstrated that calix[n]arenes are attractive sensor materials for recognition of metal ions and small molecules and they can be employed for designing novel molecular filters. An overview of related work on the synthesis and evaluation of calixarene based molecular receptors is presented.
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Introduction
Chemical separation and speciation are two fundamental processes that entail numerous advances in the biological and material world. From classical precipitation, digestion and filtration, complexation and extraction methods, separation science and technology has revolutionized the world through automation and increased sophistication. Specialized protocols for analysis and spectrometric methodologies are prominent fruits of research in the area of separation science and technology for the target species from the chemical or biological broth of the system under study. Our efforts in the field of separation science concentrate on the design, synthesis and evaluation of novel molecular receptors for the target species and are directed towards development of novel molecular filters for ions and small molecules.
Recognition, chemical separation and detection of metal ions
The separation of any species from a chemical or biological molecular pool is dependent upon its selective interaction with a molecular receptor ( Figure 1a ). This interaction can be chemical or physical in nature and basically depends upon the size, charge and shape complementarity of the target species and the receptor. Our current efforts involve utilization of non-covalent intermolecular forces (called molecular or ionic recognition) for designing new methods of detection and separation. We do not intend to use covalent bond formation (or coordination) for this purpose, as that would involve additional energy and material expenditure. Consequently, the below-mentioned steps are followed to gather basic information for translation into molecular filters: 1. Selection and synthesis of suitable molecular receptors 2. Evaluation of intermolecular forces between the target and the molecular receptor 3. Identification of the recognition signal and its amplification 4. Evaluation of molecular aggregation/organization of the target and the molecular receptor 5. Conversion of the recognition event to binding of the target ion or the molecule 6. Diffusion, transport and separation of the bound target from the chemical broth 7. Release of the target and reuse of the receptor molecule. Once the molecular receptor and target ion/molecule is identified, the molecular receptor is anchored to the polymer template which can be used for designing separation or detection prototypes of different varieties (Figure 1c) . Anchoring of the molecular receptor to an inert surface is normally done through covalent bond formation or impregnation of the receptor 1, 3- (Fig. 2c) . They can be prepared in reasonable to high yields via simple, one step, acid catalyzed condensation between resorcinol and the aldehyde. In contrast to four intraannular OH groups in calix[4]arenes, calix[4]resorcinarene possess eight extraannular OH groups which may involve a 'pair-wise hydrogen bonding'. The absence of intraannular OH groups confers greater flexibility on the system and allows the aryl groups to assume 'out' alignments in addition to the four 'updown' alignments. These different conformers are called crown, boat, saddle and chair which are equivalent to cone, flattened partial cone, 1, 3- The design of molecular filters on the other hand requires (1) the conversion of recognition event to binding of the target and the molecular receptor to form a "balanced" target-receptor complex, (2) transport of the target-receptor complex across an appropriate membrane, (3) release of the target molecule/ion, and (4) back-transfer of the molecular receptor for re-use or recycling. A large volume of data has been accumulated on different aspects of these primary separation processes and some general principles have been enumerated. For example, Simon and coworkers 8 have summarized the following set of criteria for evaluation of a molecular receptor:
1. The selected compound should be able to recognize the metal ion(s) of interest. 2. It should lead to selective binding with the target ion/molecule. 3. It should be unresponsive to other accompanying cations and anions. 4. The compound (also called an ionophore) must be retained within the membrane phase. 5. The ion-receptor complex must be able to diffuse freely in the direction of the potential gradient. 6. The stability constant of the ion-receptor complex should not be too large or too small. 7. The kinetics of the ion-transfer and complexation with the ligand should be fast and reversible. Criteria 1-3 are vital in determining the selectivity of the molecular receptors, whereas criteria 4 ensures an adequate lifetime. Criteria 5 is necessary to provide a mechanism for charge-transfer through the membrane while criteria 6 is a requirement for ensuring a constant concentration of free ions in the membrane over the measurement range which forms a prerequisite for Nernstian behaviour. Criterion 7 is necessary to ensure an acceptable response time. A large number of molecular receptors based upon crown ethers, aza-crown ethers, podands, carcerands and other macrocyclic systems have been investigated for ionic recognition and for their separation and detection. A large body of data has been used for commercial success of several ion-selective electrodes as well as for the development of separation devices and protocols. In this write-up we have restricted ourselves to calixarene-based molecular receptors for ionic separation with emphasis on development of ion-selective electrodes, efficient extractants and sensor materials and for their use in important ion transport systems. 9 The reviewed literature is generally representative of the phenomena under discussion and is not meant to be exhaustive in nature. . The observation has been found to be useful for translation into development of molecular diagnostics for monitoring Na + /K + balance in biofluids. Recently, a series of Cs + -selective chromoionophore (an ionophore which change colour on recognition of target species) based on calix[4]arene bearing azo-pyridyl moieties at the upper rim has been reported by Chawla et al. 15a, b The synthesized compounds possessing at least one 4-azopyridyl group at the upper rim have been found to exhibit a red shift of about 50 nm upon addition of excess of Cs + with concurrent appearance of a new absorption band near 500 nm.
Calixarene-based receptors for alkali and alkaline earth metal ions
The change is prominently accompanied by a significant color change which is not observed in the case of interference from other ions. Since to-date, no azo calixarene without a crown ether loop has been reported to be used as a selective filter for radioactive wastes containing Cs + , these compounds have been examined as selective ionic filters. For example, changes in the λ max of 6 in their UV/vis spectra upon addition of alkali metal salts in methanol are depicted in Figure 3 . Two isobestic points at 311 nm and 393 nm have also been identified in the case of 6 when titrated with Cs 2 CO 3 solution in methanol.
In a very recent publication, Chawla et al 15c have examined the tetrathiacalix[4]arene-based receptor, 7a, for Cs + and Rb + selectivity over other alkali and alkaline earth metal ions. The study reveals selective bathochromic shifts in UV-visible spectroscopy on interaction with these ions. Similarly, 7b 15d has been used for the detection of alkali metal cations by the same group of researchers.
A new methodology to detect two metal ions using a single electrode (tunable chemical sensors) has been described by Shinkai et al. 16 wherein a photo-responsive ionophoric calix [4] arene is immobilized on a PVC membrane. The resultant product has been shown to possess selectivity that can be switched from one target ion to another by external light irradiation. It has been demonstrated that an electrode based on this ionophore shows an affinity for Li + as against other alkali and alkaline earth metal ions in the dark whereas it functions as an excellent Na + sensor when irradiated at 365nm.
A redox-active voltametric sensor based on a self-assembled monolayer of calix Reinhoudt et al. 34 from an aqueous solution into organic layer with (20) has been described., 35a Chawla et al. 67 have also reported the synthesis of calix [n] arenes (21a n=4, 21b n=8) with imidazole moieties directly atached to the upper rims. These heterocyclic calix [n] arenes have been shown to be highly selective extractants (>98%) for Ag + ions. Though the crystal structure of the silver complex has so far been not possible to be recorded, spectroscopic study (IR, NMR) strongly suggests that silver ions are interacting through the upper rim and the hydrogen atoms attached to the nitrogens of the imidazole rings do not take part in the complexation process. A comparative study with its acyclic (n=1) derivative also suggests that the size and nature of the macrocyclic carried during the past decade (Table 3) . 
